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ABSTRACT

Background: Fluoride in drinking water plays a key role in dental health. Due to the increasing
use of water-purifier, the effect of these devices on fluoride concentration of drinking water was
evaluated.

Materials and Methods: Drinking water samples were collected before and after passing through
a home water-purifier, from four different water sources. The fluoride, calcium and magnesium
concentration of the samples were measured using the quantitative spectrophotometery technique.
Data were analyzed by the Wilcoxon test. P value < 0.1 was considered as significant.
Results: The result showed that the concentration of fluoride was 0.05-0.6 | ppm before purification
and was removed completely afterward. Furthermore, other ions reduced significantly after
treatment by the water purifier.

Conclusion: This study revealed that this device decreases the fluoride content of water; an issue
which should be considered in low and high-fluoridated water sources.
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INTRODUCTION

Fluoridation of drinking water in controlled
concentration (0.7-1.2 ppm) is one of the safest and
effective methods in prevention and remineralization
of early dental caries.!! Although, topical sources
are considered to be more important in fluoride
(F) intake nowadays,¥ in some countries where
topical supplements are not used, systemic F
specially in drinking water has crucial significance
since it reduces caries and decreases the oral health
gap between all social groups.[*3] Moreover, it has
been recognized that fluoride increases the bone
density. While this element plays an important role
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in dental health, high concentration of fluoride in
the blood can lead to dental and bone fluorosis and
pathological changes in the brain, liver, kidney, and
spinal cord. It is also shown that long-term exposure
to excessive fluoride can alter the DNA structure. -]
Therefore, intake of controlled concentration of
fluoride is necessary to render F as a beneficial
element. Defluoridation of drinking water is a
practical option for enhancing water quality, which
can be carried out by several methods with both
advantages and limitations.!'”

Currently, water purifiers are used at home
(home-use) frequently. These purifiers decrease water
hardness by reverse osmosis of water through an
organic membrane or by using ion exchange resins
and the unpleasant water odor and microorganisms
are removed by carbon powder bed filters.!!!!

Despite these benefits, it is necessary to investigate
the effect of these systems on useful elements such as
fluoride in drinking water. The present study planned
for: (a) evaluation of fluoride concentration in
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drinking water in four areas in Shiraz, southern Iran
(considered as a warm area) with the different water
sources and (b) analyzing the fluoride concentration
changes before and after water purification.

MATERIALS AND METHODS

Fluoride ion concentration was determined by
the spectrophotometric method. In this technique
zirconium oxychloride and a derivative of a dye
named alizarin red produce a red complex. Fluoride
ion forms a colorless compound with this complex.
Changes in the color of solution, with regards to
standard fluoride ion solution, are tracked with a
visible light spectrophotometer.

A total of 0.75 g alizarin red indicator was dissolved in
distilled water in a 1,000 ml volumetric flask. Moreover,
0.345 g of zirconyl chloride was dissolved in distilled
water and then 33.3 ml and 101 ml of concentrated
sulfuric acid and hydrochloric acid was added to the
solution, respectively. The final volume of the solution
reached to 1,000 ml by adding distilled water.

Spectroscopic determination of fluoride ion
Four samples of drinking water with different sources
were collected from the most crowded regions of
Shiraz city. 5 ml of prepared alizarin alizarin red and
zirconyl chloride in acid solutions were added to 100
ml of each water sample. When chemical reaction
was completed and the water samples were colored,
the light absorbance of solutions was read at 520 nm
with a spectrophotometer (Jasco, V-570). Fluoride
concentration was determined by the light absorbance
of each solution, compared to the standard fluoride
solution (NH,F.HF in distilled water).!"?

The collected water samples were purified by a home-
used water purifier (Aqua win A-102-6, Taiwan).
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The fluoride ion concentration of purified water was
determined as described above.

Water hardness measurement

The concentration of calcium (Ca) and magnesium
(Mg) ions (causing water hardness) of pre- and post-
purification samples was measured by an ion selective
electrode (Ca-ISE, Metrohm) with potentiometric
measurement.!?

Data were analyzed by the Wilcoxon test. P value <0.1
was considered as significant.

RESULTS

Table 1 shows the drinking water specifications.
Table 2 shows fluoride, Ca, and Mg concentration in
water samples. The findings show that fluoride was
eliminated completely through water purifying. By

Table 1: The water samples specification, before
treatment with water purifier

Ions Fluoride  Calcium Magnesium Turbidity
(mgl™) (mgl™) (mgl™) NTU
Sample #1 0.32 57.7 31.1 0.25
Sample #2 0.22 56.1 31.1 1.27
Sample #3 0.05 104.1 37.6 0.77
Sample #4 0.61 1271 59.5 0.72

NTU: Nephelometric turbidity units

Table 2: The water samples specification, after
treatment with water purifier

Ions Fluoride  Calcium Magnesium Turbidity
(mgl™) (mgl™) (mgl™) NTU
Sample #1 0.0 10.1 5.1 NM
Sample #2 0.0 4.2 7.8 NM
Sample #3 0.0 12.3 6.9 NM
Sample #4 0.0 20.1 15.1 NM

NM: Not measured; NTU: Nephelometric turbidity units
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Figure 1: Calcium ion concentration of water samples, before
and after water purification

Figure 2: Magnesium ion concentration of water samples,
before and after water purification
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using this device, the concentration of Ca, and Mg
ions decreased significantly. Figures 1 and 2 illustrate
graphically the Ca and Mg concentrations, before and
after water purification, separately.

DISCUSSION

Drinking water is the most important source of
fluoride intake for the human beings.['*! Fluoride
concentration was described as an important property
of the drinking water in the many studies. World
Health Organization (WHO) has stated that 1-1.5 ppm
is a suitable range for fluoride concentration. The
higher concentration leads to the dental fluorosis and
lower concentrations increases risk of dental caries.!'?!

In Fars, dental fluorosis was prevalent in the past but
recently this condition is rare, therefore we evaluated
the fluoride content of drinking water. Our findings
revealed that fluoride concentration in all selected
areas was less than the concentration recommended
by WHO. This reduction may lead to a decline in
the prevalence of dental fluorosis. Low and high
F level has been reported in other parts of Iran and
many countries. Mesdaghinia et al., have measured
fluoride concentration in groundwater resources in an
urban area of Iran and they have reported Fars as a
low fluoridated area with mean fluoride concentration
of 0.5 mg/l. Although fluoride content has shown
variations: 94% of samples have demonstrated
fluoride <1 ppm and only fluoride concentration
in 4% of samples have been in a suitable range. In
their study, majority of urban areas have exhibited
low fluoride concentration and only in Bushehr the
mean was higher than 1.5 ppmb.!'¥ Furthermore, high
fluoride level in drinking water has been reported in
other parts of the world such as India, China, and
Northern Mexico.!!%1415]

Improvement of drinking water quality and quantity
is an important strategy concerned by governments
and it has been evident that the water purifier is a
cost-effective method to reach this goal. This system
removes many elements and microbial water-borne
pathogens. Matsui et al. have demonstrated that
purifiers could remove the cryptosporidium parvum
oocytes (that were responsible for parasitic disease
of the intestinal tract), by multilayer filters.['!
Furthermore, another study in India has reported that
water was cleaned from arsenic and coliform bacteria
contamination and fluoride was removed through
a cheap homemade sand filter media composed of

various-sized sand and pebbles.'® Therefore, water
purifier can reduce morbidity and mortality rate of
some conditions such as arsenic toxicity and diarrheal
diseases.

The present study evaluated fluoride concentration
changes after purification in the areas where dental
fluorosis was prevalent in the past but rarely observed
today. This study showed that treatment of drinking
water with home-used purifiers removed fluoride
completely. This quality may be an advantage in the
some countries where fluorosis is a problem. However,
in areas where fluoride concentration is low and
intake of fluoride from topical sources is not current,
systemic fluoridation remains a legitimate choice
for the prevention of dental caries.*! Therefore, in
such areas this device reduces dental health indices.
In these cases, it is suggested strongly that topical
fluoride supplements to be used in a regular program,
especially for children and adolescents.

Water hardness is determined by measurement of Ca
and Mg and/or iron in water. It has been shown that
water hardness specially Mg concentration has some
effects on the cardiovascular status and the kidney
diseases!'” and low concentration of Mg may increase
the risk of cardiovascular disease or stroke.!'! Although,
the previous studies have shown controversies.
Moreover, it is demonstrated that increasing water
hardness resulted in a decrease in uranium toxicity.!")
Our findings showed that drinking water in the selected
area was moderately hard. Whilst purifier reduces water
hardness and it was resulted from our study too, the
effects of the device on renal and dental diseases have
not been investigated since this study is carried out.
However, discussion about water hardness was not the
aim of the present study and further studies focusing
on this matter should be designed.

In the previous studies, it has been discovered
that water purifier is a useful system but its usage
inconvenience, poor durability, high-cost and post-
purification contamination are important factors
limiting its use.?” In addition to these disadvantages,
removal of useful elements is also an issue of
concern. Another research applied homemade filter
media composed of pebbles and sand in some layers
for removing high-concentration of 5 ppm in different
times and revealed that these filters remove 85.6% of
fluoride in 10 h.[') Because all our samples had low
concentration of fluoride, it is possible that in high-
concentrations, our method could reduce the fluoride
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content to an acceptable level, but not remove it
completely.

CONCLUSION

The present study showed low-levels of fluoride in
drinking water and complete removal of this useful
element after purification. Thus, although this device
has benefits in some countries, probably it leads
to an increase in dental caries in areas with low
concentration of fluoride, although, the use of topical
supplements is always strongly recommended. It
is suggested that a further study evaluate fluoride
removal effect of water purifiers in areas where
drinking water includes high concentration of fluoride.

ACKNOWLEDGMENTS

The author is grateful from Dr. Shahram Hamedani in
the Office of Vice Chancellor for Research of Shiraz
University of Medical Sciences for editorial assistance, also
from Department of Chemistry, Yasouj University for the
performance of chemical tests.

REFERENCES

1. McDonagh MS, Whiting PF, Wilson PM, Sutton AJ, Chestnutt I,
Cooper J, et al. Systematic review of water fluoridation. BMJ
2000;321:855-9.

2. Singh KA, Spencer AJ. Relative effects of pre- and post-eruption
water fluoride on caries experience by surface type of permanent
first molars. Community Dent Oral Epidemiol 2004;32:435-46.

3. Singh KA, Spencer AJ, Armfield JM. Relative effects of pre- and
posteruption water fluoride on caries experience of permanent
first molars. J Public Health Dent 2003;63:11-9.

4. Parnell C, Whelton H, O’Mullane D. Water fluoridation. Eur
Arch Paediatr Dent 2009;10:141-8.

5. Spencer A, Slade GD, Davies M. Water fluoridation in Australia.
Community Dent Health 1996;13:27-37.

6. Everett ET. Fluoride’s effects on the formation of teeth and bones,
and the influence of genetics. J Dent Res 2011;90:552-60.

7. HeLF, Chen JG. DNA damage, apoptosis and cell cycle changes
induced by fluoride in rat oral mucosal cells and hepatocytes.
World J Gastroenterol 2006;12:1144-8.

8. Xiong X, Liu J, He W, Xia T, He P, Chen X, et al. Dose-
effect relationship between drinking water fluoride levels and

damage to liver and kidney functions in children. Environ Res
2007;103:112-6.

9. Brown J, Sobsey MD. Microbiological effectiveness of locally
produced ceramic filters for drinking water treatment in
Cambodia. ] Water Health 2010;8:1-10.

10. Meenakshi, Maheshwari RC. Fluoride in drinking water and its
removal. ] Hazard Mater 2006;137:456-63.

11. Matsui T, Kajima J, Fujino T. Removal effect of the water purifier
for home use against Cryptosporidium parvum oocysts. J Vet
Med Sci 2004;66:941-3.

12. APHA. Standard methods for the examination of water and
wastewater, method 4,500 FD. Washington: American Public
Health Association; 1998.

13. Mesdaghinia A, Vaghefi KA, Montazeri A, Mohebbi MR,
Saeedi R. Monitoring of fluoride in groundwater resources of
Iran. Bull Environ Contam Toxicol 2010;84:432-7.

14. Li HR, Liu QB, Wang WY, Yang LS, Li YH, Feng FJ, et al.
Fluoride in drinking water, brick tea infusion and human urine
in two counties in Inner Mongolia, China. ] Hazard Mater
2009;167:892-5.

15. Ruiz-Payan A, Ortiz M, Duarte-Gardea M. Determination of
fluoride in drinking water and in urine of adolescents living in
three counties in Northern Chihuahua Mexico using a fluoride
ion selective electrode. Microchem J 2005;81:19-22.

16. Devi R, Alemayehu E, Singh V, Kumar A, Mengistie E.
Removal of fluoride, arsenic and coliform bacteria by modified
homemade filter media from drinking water. Bioresour Technol
2008;99:2269-74.

17. Miyake Y, Iki M. Lack of association between water hardness
and coronary heart disease mortality in Japan. Int J Cardiol
2004;96:25-8.

18. Monarca S, Donato F, Zerbini I, Calderon RL, Craun GF.
Review of epidemiological studies on drinking water hardness
and cardiovascular diseases. Eur J Cardiovasc Prev Rehabil
2006;13:495-506.

19. Markich SJ. Water hardness reduces the accumulation and
toxicity of uranium in a freshwater macrophyte (Ceratophyllum
demersum). Sci Total Environ 2013;443:582-9.

20. Gupta SK, Islam MS, Johnston R, Ram PK, Luby SP. The chulli
water purifier: Acceptability and effectiveness of an innovative
strategy for household water treatment in Bangladesh. Am J Trop
Med Hyg 2008;78:979-84.

How to cite this article: Jaafari-Ashkavandi Z, Kheirmand M. Effect
of home-used water purifier on fluoride concentration of drinking water
in southern Iran. Dent Res J 2013;10:489-92.

Source of Support: Nil. Conflict of Interest: None declared.

Dental Research Journal / July 2013 / Vol 10 / Issue 4-




